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Introduction

Howard I. Browman!**, Konstantinos I. Stergiou?

!Institute of Marine Research - Austevoll, 5392 Storebg, Norway
Email: howard.browman@imr.no

2Aristotle University of Thessaloniki, School of Biology,
Department of Zoology, Box 134, Thessaloniki 54124, Greece
Email: kstergio@bio.auth.gr

The ecosystem-based approach (EA) to the manage-
ment of marine resources has been the focus of several
recent publications (e.g. Browman & Stergiou 2004,
Pikitch et al. 2004, Beddington & Kirkwood 2005, Daan
et al. 2005). Despite this flurry of articles, the often
over-riding importance of political and socio-economic
forces in establishing and implementing the EA have
not been adequately addressed (but see Turrell 2004).
Thus, we canvassed experts who are familiar with this
side of the EA issue, and managers involved in the
decision to adopt it as national/international policy.
Our goal was to provide marine scientists with insights
into the forces driving the adoption of policies such as
the EA, and the mechanisms through which they are

*Contributions are in alphabetical order (by first author)
**The views expressed are those of the author and do not
necessarily reflect the official position of IMR

operationalized (or not). We sought contributions from
colleagues who have been engaged in the interaction
of politics with science, and sought to cover as many
perspectives as possible: non-governmental organiza-
tions (NGOs), government, research institutes and uni-
versities.

The contributors to this Theme Section (TS) describe
the structural, technical, administrative, operational,
socio-economic and scientific complexities associated
with the adoption and implementation of a holistic EA.
‘Ecosystem services’, and the need to assess the cumu-
lative impacts of all activities (extractive or otherwise)
on the ecosystem, are emphasized in several of the con-
tributions. The Large Marine Ecosystem (LME) concept
emerges as a possible practical structure upon which
the EA could be operationalized. The role of uncer-
tainty at various levels of the science—policy interface,
and its relation to implementing the EA, are taken up
from various perspectives. Estimating fish abundance,
and characterizing/predicting ecosystem structure and
function, are inherently difficult, and the result will al-
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ways be fraught with uncertainty. The manner in which
this uncertainty is dealt with depends upon the role that
one plays in the management system. Stock assessment
analysts and ecosystem modelers must focus on reduc-
ing uncertainty. Politicians, policy-makers and fisheries
managers must consider this uncertainty within a pre-
cautionary approach: they must adopt the worst-case
estimates and/or the concept of reversing the burden of
proof (see Pikitch et al. 2004). These different perspec-
tives on uncertainty come into play as part of policy-
supporting scientific advising (sensu Smith & Link
2005). However, the same scrutiny is rarely applied to
the scientific advice associated with policy formation
(see Smith & Link 2005).

Although we provided contributors with a series of
questions that they could address, several issues that
we viewed as important were not taken up. For exam-
ple, the fact that governments in most of the developed
world are reducing funding and personnel in the
marine research sector begs the question: where are
the funds that will allow a complete implementation of
the EA going to come from? Further, the conservation-
ist bent of the EA seems at odds with humanity's in-
tensive—extensive (and unsustainable) exploitation of
continental ecosystems through large-scale production
of crops and livestock, with little if any thought to-
wards preserving ecosystem health, biodiversity, en-
demic species, etc. This highlights a general lack of
discussion concerning the moral, ethical and philo-
sophical aspects of exploiting the sea (although see
Dallmeyer 2003, Marra 2005). The overriding influ-
ence of politics, and of remunerated political lobbying,
in the adoption of policy were not adequately ad-
dressed (but see, for instance Anonymous 1997, Ma-
sood 1997, Spurgeon 1997, Allisson 2001, Pauly 2003).

It is often maintained, either implicitly or explicitly,
that scientists are naive when it comes to policy issues
and their implementation. Dunbar (1987, p. 6) stated:

There is a belief that the body scientific cannot judge
these important matters, that scientists live in a con-
founded 'ivory tower’ dreaming of test tubes, high theory
or the genitalia of insects, and that it takes lawyers, busi-
nessmen or perhaps emancipated economists to come
down to practicalities. This is a myth fomented and per-
petuated by those same lawyers, businessmen, etc. It is
poppycock; no one can know better than scientists how to
get the best results and the most mileage out of science. A
scientist looking for advice on the stock market goes to
the relevant professional, and rightly expects lawyers and
politicians to come to him for guidance in science.

We hope that this Theme Section will help us along
this path.
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Global marine conservation policy
versus site-level implementation: the
mismatch of scale and its implications

Tundi Agardy

Sound Seas, 6620 Broad Street, Bethesda, Maryland 20186, USA
Email: tundiagardy@earthlink.net

The mismatch of scale. Addressing environmental
issues requires recognition of problems, mobilization
of resources to develop solutions, and leadership in dri-
ving change. These actions are best accomplished by
‘thinking globally, acting locally’. However, environ-
mental problems themselves are rarely local in scale,
and piecemeal attempts to address them usually fail.
This is particularly true in the conservation of the
marine environment, where open marine ecosystems
and the international nature of pollution, overexploita-
tion, and of other threats dictate a large-scale multi-
lateral response. The mismatch between large-scale
thinking (embodied in marine policy) and small-scale
conservation action has serious implications for our
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ability to reverse the tide of environmental degrada-
tion occurring in the world's oceans.

Virtually all the world's nearshore areas experience
multiple threats that act simultaneously to degrade
ecosystems and decrease ecosystem services (Millen-
nium Assessment 2005). Threats originate both at the
site of degradation and far away—from land, as well as
from distant seas. Since oceans are the ultimate sink and
the fate of coastal waters is strongly tied to the condition
of coastal lands, rivers and estuaries, successful conser-
vation requires addressing not only the use of the marine
environment, but land use as well, far up into the water-
sheds. Yet actual conservation projects do not happen on
the global or regional scale—they happen bit by bit, as a
result of individuals, communities and institutions re-
sponding to a particular need at a particular site. Typical
marine conservation interventions include marine pro-
tected areas (MPAs), regulations to protect critical habi-
tat of a species, and fisheries restrictions for a particular
fishery. The scale of these responses is usually far too
small to address the bigger (and growing) problems of
unsustainable use of resources, indirect degradation of
marine ecosystems, and large scale declines in environ-
mental quality, such as those brought about by climate
change (Agardy 1999).

Thus, the scale at which conservation occurs in site-
level management interventions cannot possibly match
the scale of the problems occurring throughout geo-
graphically larger regions. In contrast, marine policy is
generally developed at much larger scales: both national
and global. These policy initiatives could in theory be
broad enough to holistically address complex environ-
mental problems in the oceans. In fact, several interna-
tional instruments provide impetus for large scale coop-
eration, including the United Nations Convention on the
Law of the Sea, UN Regional Seas Conventions and Ac-
tion Plans, Global Programme of Action for the Protec-
tion of the Marine Environment from Land-based Activ-
ities, Jakarta Mandate on the Conservation and
Sustainable Use of Marine and Coastal Biological Diver-
sity, and the Ramsar Convention for wetland protection.

Yet although global treaties attempt to address dis-
crepancies between small-scale interventions on the
ground and large-scale coastal problems, most of these
international instruments have not been effective in
reversing environmental degradation (Speth 2004).
The problem may indeed be that the scale of such poli-
cies is far too big to recognize the particular issues fac-
ing communities, or to take advantage of the unique
opportunities for conservation that may exist in specific
socio-political or cultural settings.

There are 2 additional reasons why global scale pol-
icy initiatives tend to fall short of meeting what are
commonly held goals of coastal/ocean conservation.
First, the interventions that they prescribe can be too

generic to lead to solutions that fit the particular cir-
cumstances (environmental, economic, social, politi-
cal) at a site. A recent example is the push for MPA
policies that target setting aside 20 % of marine areas
as no-take reserves, regardless of the habitat or set of
resources to be protected and the threats that these
ecological communities actually face (Agardy et al.
2003). Second, generic policies are often unrealistically
ambitious or not supported by financial commitments,
thus leading nowhere (de Fontaubert & Agardy 1998,
Wang 2004). In this way, a mismatch occurs between
what is actually happening and what decision makers
assume is happening.

It is not for lack of want that coastal and marine con-
servation is failing. Many of the earth's 123 coastal
countries have coastal management plans and legisla-
tion, and new governance arrangements and regula-
tions are being developed every year. Based on an
international questionnaire using letters and fax,
Sorensen (1993) estimated that there were 142 coastal
management initiatives outside the USA, and 20 inter-
national initiatives. By 2000, there were a total of 447
initiatives globally, the result of new initiatives since
1993 and of the improved ability to find coastal man-
agement initiatives through the use of the internet
(Kay & Alder 2005). The latest survey estimates that
there are 698 coastal management initiatives operating
in 145 nations or semi-sovereign states, including 76 at
the international level (Kay & Alder 2005).

What drives these initiatives and will likely drive
them in the future is the recognition by governmental
and non-governmental organizations (NGO) of prob-
lems that need to be addressed. This brings up another
mismatch of scale, which commonly leads to lack of co-
ordination in conservation initiatives and, in extreme
cases, to open conflict. Conservation priorities set at the
global or regional scale by big environmental NGOs
such as the WWF, The Nature Conservancy, Conserva-
tion International, etc., or multilateral organizations
such as the World Bank, are sometimes at odds with
local or even national priorities. An example of this is
the Mexican government's endorsement of a salt plant
in Baja California, which was strongly (and success-
fully) opposed by the international environmental
community on the grounds that the plant would dis-
turb gray whales, even though top cetacean experts
found this argument without merit. The priorities of the
nation of Mexico were thus at odds with the priorities of
internationals NGOs, and the ensuing conflict may
have diverted attention and funds away from more crit-
ical threats to Baja California and the Gulf of California.

The way in which some of the biggest NGOs set their
priorities has been a source of controversy (e.g. Chapin
2004); nonetheless, high profile priority-setting schemes
drive the flows of resources to certain areas, at the ex-
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pense of other regions. When global scale priorities are
not in harmony with local priorities, tensions emerge that
threaten the long-term viability of conservation actions,
including MPAs and other key tools of conservation.

MPAs and the mismatch of scale. MPAs are fast be-
coming the conservation tool of choice for dealing with
habitat loss, they are increasingly being used to study
and to manage fisheries problems, and they involve local
communities and user groups in management of marine
areas. Yet MPAs, and especially fisheries reserves, are
usually far too small to be effective in addressing the
complex suite of problems faced by most marine areas,
especially when planners and conservation groups ig-
nore the context—in terms of the environmental health
and condition of surrounding waters and benthos—in
which these islands of protection are sited (Allison et al.
1998, Jones in press). Most MPAs are not large enough
to meet their stated objectives; even the often touted ex-
ception of the Great Barrier Reef Marine Park, the
largest MPA in the world, highlights how degradation of
a highly valued area can occur when land management
and ocean management are not in synchrony.

When practitioners realized that few MPAs were
meeting broad scale conservation objectives, and that
an ad hoc, one-off approach would not lead to effective
large scale conservation, the concept of MPA networks
emerged as a way to strategically plan MPAs with the
hope that the whole would then be greater than the
sum of its parts. There is an obvious need for strategic
MPA networks (Roberts et al. 2001). A system or net-
work that links these areas has a dual nature: connect-
ing physical sites deemed ecologically critical (ecolog-
ical networks), and linking people and institutions in
order to make effective conservation possible (human
networks) (Agardy & Wolfe 2002). Networks or sys-
tems of MPAs have great advantages in that they
spread the costs of habitat protection across a wide
array of user groups and communities while providing
benefits to all, and networks also help to overcome the
mismatch of scale (Agardy 2003b).

It is important to distinguish between MPA networks
or systems that are strategically planned to protect the
most ecologically critical habitats within a region, and
networks of reserves that have a narrower focus and
are designed to protect fisheries stocks or single spe-
cies. The former are planned in a way that addresses
links between land, freshwater, and coastal systems,
while the latter focus on larval dispersal, and sources
and sinks. Although fisheries reserve networks can
and should be part of MPA systems, their benefits may
have been exaggerated, and critical gaps in knowl-
edge impede the development of such reserve net-
works for many species (Sale et al. 2005).

MPA networks are most successful in promoting
large-scale conservation when their design is based

upon recognition of the interconnectivity of fresh-
water, coastal and marine ecosystems and habitats.
This requires a firm understanding of ecological func-
tioning and of boundaries within various ecosystems,
and gap analyses to determine what key sources or
sinks, or links in the chain of interconnected habitats,
are missing from the total MPA portfolio (Friedlander
et al. 2003). And while itis true that planning MPA net-
works or systems requires information about connec-
tivity and ecological processes (Possingham et al. 2000,
Leslie et al. 2003), it would be a fallacy to assume that
complete ecological knowledge is a prerequisite for
moving forward. An MPA network or system can be
designed with adaptive management in mind, so that
protected areas are actually used to garner more
applied ecological information, as well as information
about the efficacy of management (Agardy 1997).
Because MPAs and networks of areas can target a
wide range of objectives, and since they vary greatly in
scope, the most comprehensive system of networks
is hierarchical, working at multiple complementary
scales or levels (Jones 1994, Agardy 2003b). Goals can
vary at each level in the hierarchy. For instance, the
explicit goal at the regional level may be to create
a system in which all marine ecosystem or habitat types
are represented within an ocean basin or a country's
jurisdiction, while at a lower level (and within a
geographically smaller target area) MPAs might be de-
signed to protect the most ecologically important habi-
tats within a region. At still another level, the manage-
ment objective might be the conservation of a flagship
marine species or set of species, with protected areas
and management interventions tailored for the specific
needs of the threatened species (Garcia Charton et al.
2000). Designing such strategic and functional net-
works requires an understanding of regional ecology
and the multiple (and cumulative) threats affecting not
only the ecosystems, but the linkages between them as
well. Though our ecological understanding of such
linkages is far from complete, many leading marine
ecologists think that we have enough information to
begin designing large-scale networks, which can then
be amended and adapted as new knowledge accrues.
Systems ecology can thus overcome the mismatch of
large-scale policy by helping us decide where pro-
tected areas should be sited and how they should
be connected, in an ecologically-driven top-down
approach. Identification of priority sites can be accom-
plished with computer algorithms and software such as
MARXAN—as employed in rezoning the Great Barrier
Reef Marine Park (see www.gbrmpa.gov.au) and in the
Irish Sea Pilot (see www.jncc.gov.uk), or through del-
phic methods that utilize expert opinion to develop
consensus on key sites. Implementation of the actual
form of the protected area and of conservation policy at
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each site, however, must be be under bottom-up con-
trol, to fit the needs of each particular place. Protected
areas or networks can thus be organized with partner-
ships or co-management with indigenous groups and
local communities (Jentoft & McCay 1995). The dy-
namic nature of a hierarchical marine conservation
system should guarantee that any country taking part
in the development of a protected area system will be
proactive but responsive to needs at individual sites,
and scientifically rigorous but socially flexible. Individ-
ual MPAs that are accepted by local communities and
thus effective in the long term can be designed strate-
gically so that there is synergy and complimentarity
between all parts of the network.

Networked MPAs within a region can be adminis-
tered by a variety of means, e.g. by a single overseeing
agency that designs both networks and individual pro-
tected areas, by a coordinating body that ties together
MPAs variously implemented by different government
agencies, or by an umbrella framework such as the
‘biosphere reserves’, a designation of UNESCO's Man
and Biosphere Programme (UNESCO 1996). In bio-
sphere reserves, local communities become part of the
network, ecologically critical areas are afforded strict
protection while less important or less sensitive areas
are managed for sustainable use, and the biosphere
reserve designation itself carries international prestige
and can help in raising funds (Agardy 1997, UNESCO
2000). In the case of coastal and marine resources
shared by different countries, regional agreements
may prove most effective, based on a better under-
standing of costs and benefits at the regional scale
(Kimball 2001). An example of such a regional body in
the terrestrial/freshwater environment is the Mekong
River Commission (see www.mrcmekong.org).

While networks can help overcome the mismatch
between the large scale of marine problems and the
small scale of most conservation interventions, even
strategically planned networks do not necessarily lead
to effective marine conservation at the largest scale
(Christie et al. 2002). Identification of existing pro-
tected areas and tying them together into a regional
initiative does not magically create large-scale conser-
vation—although some international institutions have
claimed to be achieving this. Since individual MPAs
were historically established opportunistically rather
than strategically, functional networks will require the
creation of new MPAs to fill remaining gaps, even in
areas where MPAs are common.

But even strategically designed networks can only
be a starting point for effective conservation, rather
than constituting an end goal. Recognizing that more is
needed than MPA networks, planners have begun to
explore the concept of marine corridors and protected
seascapes. A marine corridor initiative uses an MPA

network as a starting point, and analyzes which threats
to marine ecosystems and biodiversity cannot be
addressed through a spatial management scheme. In
such corridors marine policies are directed not at the
fixed benthic and marine habitat that typically is the
target for protected area conservation, but rather at the
water quality in the water column, and the marine
organisms within it. The connections between the
various MPAs in a network are maintained by policy
initiatives or by reforming the environmental manage-
ment of areas outside the MPAs. Corridor concepts
provide a way for planners and decision makers to
think about the broader oceanic context in which
MPAs are sited, and to develop conservation interven-
tions that complement spatial management. Marine
corridors are nascent efforts that need further concep-
tualization and testing in real life situations.

Overcoming the mismatch of scale. Thus, despite re-
cent strategic approaches to marine conservation, most
interventions still occur in an ad hoc and opportunistic
manner, as agencies and institutions follow their
mandates without really considering how they con-
tribute to the big picture beyond their regional, sectoral
or agency boundaries (NRC 2001). An integrated, sys-
tematic and hierarchical approach to conservation and
sustainable use is needed, to allow nations to address
various geographic scopes and scales of continental
marine conservation problems simultaneously in a
more holistic manner (Griffis & Kimball 1996). By using
large marine regions (regional seas, semi-enclosed
seas, or eco-regions) as the focus of management rather
than using globally- or nationally-generated sectoral
approaches that address marine problems issue by
issue, multilateral agencies can cooperate to address
the full spectrum of threats and embark on developing
integrated, holistic solutions. For shared coastal and
marine resources, regional agreements may indeed
prove more effective than global agreements, espe-
cially when such agreements are based on a better un-
derstanding of costs and benefits accruing from shared
responsibilities (Kimball 2001).

Admittedly, this prescription for holistic approaches
to ocean management that strategically target entire
ecosystems, yet catalyze ‘individualized' conservation
action appropriate to each site, is idealistic and might
be considered unfeasible. Indeed, when Meir et al.
(2004) assessed land-based conservation planning,
they concluded that large-scale, long-term conserva-
tion plans are not as effective as short-term, oppor-
tunistic interventions. This casts doubt on the ability of
the world community to move towards marine conser-
vation in the strategic way called for in this contribu-
tion. Yet there are important differences between ter-
restrial and marine conservation; there are stronger
arguments for regional conservation using networks of
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MPAs, the most important of which is the common
property nature of marine resources, which calls for
cooperative rather than individualistic responses. Fur-
thermore, the simple decision rules that Meir et al.
(2004) promote, such as focusing conservation efforts
on areas with highest species diversity, are of question-
able utility in the marine environment, where patterns
of biodiversity are poorly known and where species-
poor areas such as upwelling regions are of great eco-
logical importance (Agardy 2003b).

MPAs play a key role in such a strategic approach,
not because they are a panacea, but rather because
MPAs provide a mechanism to overcome 2 of the
biggest obstacles to effective marine conservation.
(1) MPAs can help to shed sectoral management and
addressing the full suite of threats to marine ecology in
a holistic manner, as they provide demonstration mod-
els of how to integrate management across all sectors
(Villa et al. 2002), and in some cases demonstrate how
to tie ocean management and coastal/watershed man-
agement together. (2) MPAs can help to overcome
management paralysis that arises from the enormous
scale and complexity of marine environmental prob-
lems, and from the strange but pervasive notion that
the oceans are a single homogenous, fluid environ-
ment; MPAs provide an important ‘sense of place’ to
specific habitats and ecological communities, showing
that not all parts of the ocean are the same, thus raising
the profile and perceived value of specific places in
the public's eye. By attaching special importance to
specific sites, MPAs not only create opportunities for
regulations on use of the area, but also create impetus
and political will to address problems that originate
outside the area, such as land-based sources of pollu-
tion. Individual MPAs are on scales small enough to be
tractable, while a series of MPAs in a strategic network
can promote region-wide marine conservation.

There are important precedents for such integrated
regional approaches, suggesting that strategic, large
scale planning does hold promise for more effective
marine conservation. One is the relatively recent cou-
pling of coastal zone management with catchment
basin or watershed management, as has occurred
under the European Water Framework Directive and
projects undertaken under the LOICZ (Land-Sea
Interactions in the Coastal Zone) initiative. These fully
integrated initiatives, with affecting and affected par-
ties taking part in the planning process, have resulted
in lower pollutant loads and improved conditions in
some estuaries (Millennium Assessment 2005).

Regional approaches utilizing MPA networks and
systems are also being developed for the Mediter-
ranean Sea under the Barcelona Convention (the
Mediterranean Regional Seas Agreement), in North
America under the auspices of the North American

Commission on Environmental Cooperation, and at the
national scale in countries ranging from Australia to
the USA. Smaller regions such as the Gulf of Maine,
shared by Canada and the USA, are also focal points
for regional cooperation, as demonstrated by the mul-
tilateral work undertaken as part of UNEP’'s Global
Program of Action (see www.gpa.unep.org) and the
work of the Gulf of Maine Council (see www.gulfof-
maine.org). Even at the state level, initiatives are
under way to select sites as part of a strategic network
of MPAs. In California, USA, for instance, the state
legislation known as the Marine Life Protection Act
(MLPA) has spurred a review of possible methodolo-
gies to identify sites for networks that would capture
both representative and ecologically critical areas.
This initiative is noteworthy in the context of this con-
tribution, because the waters of the State of California
encompass portions of 3 biogeographic provinces or
eco-regions, and the MLPA initiative may provide a
tangible model for designing regional MPA networks.
The nascent efforts in the Mediterranean to develop
a representative system of MPAs are exemplary. A
legal framework for multilateral cooperation already
exists under the Barcelona Convention (Convention for
the Protection of the Mediterranean Sea Against Pollu-
tion, adopted in 1976 and in force since 1978), with the
participation of 22 parties from the riparian nations
surrounding the Mediterranean. Though the original
emphasis of the treaty was on pollution reduction, and
the Convention is considered a success in this regard,
the bulk of recent attention among the Parties has
been on habitat and biodiversity conservation. Under
the Protocol on Specially Protected Areas, the Parties
have begun to assemble a list of regionally important
areas called SPAMIs (Specially Protected Areas of
Mediterranean Importance). Work is now underway to
use the SPAMI list as a starting point to evaluate what
is currently missing from the Mediterranean-wide pro-
tected area portfolio, in terms of both representation of
all habitat types and in terms of adequately protected
habitats and resources. Once this gap analysis is com-
pleted, the Parties to the Convention will have guid-
ance on where to site new MPAs and how to amend
existing ones. The end result could well be a much
more effective protection of regional biodiversity,
based on the economies of scale that MPA networks
and systems provide, including better opportunities
for management training, cooperative surveillance and
enforcement, and standardized research protocols.
Through such regional conservation programs, goals
such as conservation of biodiversity, including rare and
threatened species, maintenance of natural ecosystem
functioning at a regional scale, and management of
fisheries, recreation, education, and research could be
addressed in a more coordinated and complementary
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fashion (Agardy 2003a). The integrated approach is a
natural response to a complex set of ecological pro-
cesses and environmental problems, and is an efficient
way to allocate scarce time and resources to address-
ing the issues that parties deem to be most critical.
Nations and agencies that participate reap the benefits
of more effective conservation, while bearing fewer
costs by spreading management costs widely and by
taking advantage of economies of scale in manage-
ment training enforcement, etc. Through regional
initiatives, a top-down holistic perspective can be
matched to bottom-up site-appropriate interventions,
and the priorities of international groups that funnel
attention and money to conservation sites can be har-
monized with local priorities and needs. But 3 things
are required for such integrated, holistic approaches to
succeed: ecological understanding, sensitivity to social
and political factors, and leadership that understands
and acknowledges a holistic view and has the strength
of conviction to move a complicated agenda forward.

Ecological understanding is needed to realistically
assess the threats to the marine environment: their
nature, their scope, how they interact with one
another, and what can be done about them. A knee
jerk reaction to apply a generic policy prescription
every time an environmental problem arises, without a
true understanding of the threats and drivers behind
them, can often result not only in failure of that partic-
ular intervention, but also create obstacles to future
conservation (Agardy et al. 2003).

Social science needs to inform us about how solutions
are developed to address threats at the site level. After
all, conservation is not about managing ecosystems or
other species, but about managing our own human spe-
cies. In order to change human behavior, we must under-
stand what drives people to use resources unsustainably,
and what proximate and indirect drivers lead to bad gov-
ernance and management (Christie 2004). Social science
can also tell us what is feasible and sustainable—long
after the cadre of visiting scientists and conservationists
that initiate the conservation action are gone.

Finally, we must recognize the importance of true
leadership and 'the power of one'—and identify indi-
viduals with the vision, commitment, and power to
move forward. Such leadership could drive meaningful
regional agreements that allow the development of
strategically planned MPA networks, and at the same
time address the wider context through pollution con-
trols, harmonization of regional land use planning,
river basin management, etc. Only visionary leaders in
these regions will be able to rally the troops of commit-
ted individuals doing the small scale work that is con-
servation, and convert what are piecemeal and largely
losing battles into a united front against coastal and
ocean degradation.
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Introduction. Definitions of ecosystem approaches to
management (EAM; acronyms are listed in Table 1)
are replete in the fisheries management literature
(Brodziak & Link 2002, Garcia et al. 2003, FAO 2003). I
define the ecosystem approach to management simply
and pragmatically as ‘using what is known about
the ecosystem to manage fisheries.” This approach
acknowledges that fisheries decisions take place in an
ecosystem context and ecosystem knowledge can
assist in managing fisheries production and identifying
fishing effects on ecosystems. It draws attention to the
fact that we are not yet applying the ecological knowl-
edge that we presently have. Thus, I argue that effort
to craft a consensus on the ecosystem approach to
management is not required before actions are taken
(Babcock & Pikitch 2004). Such a consensus can evolve

Table 1. List of acronyms

EAM Ecosystem approach to management

EFH Essential fish habitat

EPAP Ecosystem Principles Advisory Panel

FEP Fishery Ecosystem Plan

MSA Magnuson-Stevens Fishery Conservation and
Management Act

MSY Maximum sustainable yield

NEPA National Environmental Policy Act

NMFS National Marine Fisheries Service

NOAA National Oceanic and Atmospheric
Administration

NPFMC  North Pacific Fishery Management Council
(Anchorage, AK)

NRC National Research Council

POC Pew Oceans Commission

SFA Sustainable Fisheries Act

USCOP U.S. Commission on Ocean Policy

WPFMC  Western Pacific Fishery Management Council

(Honolulu, HI)

from experience gained in actions implemented. Start-
ing with a fisheries-centric approach makes sense,
because fisheries are a key concern, and they are
already managed at the ecosystem scale.

Ecosystem approaches to management in marine
fisheries in the United States arguably originated in
1871, when Congress established the U.S. Commission
of Fish and Fisheries, designed to reverse the decline
in New England fisheries. Spencer Baird, the first
Commissioner, initiated ecological studies including
the dynamics of physical and chemical oceanography,
because an understanding of fish ‘... would not be com-
plete without a thorough knowledge of their associates
in the sea, especially of such as prey upon them or con-
stitute their food ..." (cited after Hobart 1995, p. VII).
Today we continue to contemplate and debate imple-
mentation of EAM in federal fisheries. How far have
we come in 140 yr? I suspect that we may be further
than commonly thought. To convince you of this, I will
focus on what is being done correctly in fishery man-
agement, and not on what has been done wrong.
Remodeling a house or a fishery management system
is a process of planning and adapting; it takes time, it
is expensive, and the results are not apparent until the
project is completed. Thus, I focus on the foundation
being laid for EAM, rather than on the shabby exterior.

Shifting the baseline from the present to the future.
The USA has changed direction with respect to fish-
eries management in favor of an ecosystem approach
to management. The main drivers include: (1) im-
provement in scientific understanding of the dynamics
of fished ecosystems; (2) reaction to the failure in
achieving sustainable fisheries; (3) increase in public
involvement and legal action; (4) demonstrable man-
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agement success in applying conservative fishery
management tools; (5) added consideration of the pro-
tection of seabirds, sea turtles, marine mammals, and
species that are rare or endangered; (6) strengthened
requirements for management. Other factors are act-
ing on the ecological and socio-economic context for
fisheries management as well. Anoxic ‘dead zones,’
hazardous algal blooms, and climate variability and
change are affecting the environment and fisheries.
Increasing energy prices, changing technologies, and
surging imports of cultured fish and shellfish are mak-
ing the human dimensions of fisheries more vulnerable
to environmental change. This uncertainty generates a
demand for improving the ability to predict ecosystem
changes. Together, these conditions are causing major
rethinking of the incentive structure in fishing as
human wants and needs are harmonized with sustain-
ing marine ecosystems. EAM is a framework for pro-
viding the right kind of incentives for sustainable fish-
eries management (sensu Callicott & Mumford 1997,
Hanna 1998, Hilborn et al. 2005).

To address the prerequisites for EAM, i.e. sustain-
ably managed fisheries, the U.S. Congress amended
the Magnuson-Stevens Fishery Conservation and
Management Act (MSA) [PL 94-265] in 1996. The Sus-
tainable Fisheries Act (SFA) marked the legislative tip-
ping point for changing federal fisheries management
standards in significant ways: (1) maximum sustain-
able yield (MSY) was set as a limit; (2) rebuilding plans
were required for fish stocks defined as overfished;
(3) bycatch was to be ‘minimized’; (4) essential fish
habitat (EFH) was to be protected. In addition, the
National Marine Fisheries Service (NMFS) was
charged with forming an Ecosystem Principles Advi-
sory Panel to assess the extent to which ecosystem
principles were being applied in fishery management
and to advise on measures to increase their use.

These legislative mandates set in motion serious
management reform efforts at the federal level. Full
implementation of these measures is an important
building block toward EAM. Let us examine what has
happened as a result of the SFA, i.e. with regard to
ending overfishing, counting bycatch, designating
EFH and developing EAM.

Overfishing and rebuilding plans. Prior to 1996 it
was possible for regional management councils to
allow overfishing, i.e. to set a total allowable catch that
was greater than the MSY. It was possible to substitute
economic or other considerations for biological con-
siderations in setting allowable catches. No standard
was set for what catch level constituted ‘overfishing.’
Therefore, it was seldom feasible for the NMFS to
override council decisions that allowed overfishing.
When NMEFS did challenge the scientific bases of these
decisions, fishing interests circumvented the agency

through appeals for political support from members of
Congress (Hennessey & Healy 2000).

The SFA set MSY as a limit and required that re-
building plans be developed for overfished fisheries to
restore them within a period of 10 yr. There are
difficulties in making this policy fit all species, related
to the utility of the MSY standard itself, and its applica-
tion to very short- and long-lived species. However,
the SFA has given NMFS a foothold for critical review
of management decisions on catches, and it has given
considerable legal leverage to environmental advo-
cacy groups to challenge catch levels and the ade-
quacy of rebuilding plans. This combination of internal
and external forcing has brought virtually all of the
overfished stocks in federal fisheries under rebuilding
plans (NMFS 2003), although recovery may be slow in
long-lived species. Still, concerns exist in the environ-
mental community, because the SFA applies only to
species fished under a current fishery management
plan where stock assessments are made, as opposed to
all other species (commercial or non-commercial). An
EAM is included in the more sophisticated single-spe-
cies stock assessments through consideration of envi-
ronmental variability, risk, and other stochastic factors.

Bycatch minimization. Bycatch is an issue with which
federal fishery managers have been wrestling for some
time. SFA's new national standard focused more atten-
tion on the issue (NMFES 1998). The effect of the re-
quirements to minimize bycatch and to lower mortality
of bycatch has been difficult to monitor. NMFES has
developed a bycatch website (www.nmfs.noaa.gov/
bycatch.htm) and a national approach to standardized
bycatch monitoring (NMFS 2004a). Bycatch can pre-
sent different characteristics in each fishery, area and
season. Relatively few fisheries where bycatch is reli-
ably known exist in federal waters, except in Alaska
where industry-funded observers monitor significant
portions (>80 %) of the total catch (Tagert 2004). Tech-
nical modifications of fishing gear are resulting in lower
bycatch in some fisheries, and changes are being made
in other fishing practices. Determining what is practica-
ble in terms of bycatch minimization is far from precise
(Steele 2004). More importantly from EAM perspec-
tives, the SFA dealt primarily with bycatch of fishes in
commercial fisheries. The NMFS approach to imple-
mentation went beyond bycatch of fishes to include
bycatch in recreational fisheries, as well as bycatch of
highly migratory fish species, as well as non-fish spe-
cies such as seabirds, marine mammals and sea turtles,
where some of the pressing bycatch issues occur.

Essential fish habitat (EFH). Under the SFA, NMFS
was charged with developing regulatory guidelines for
habitat protection within 6 months of passage of the Act.
Formal amendment of each fishery management plan
was required. EFH was defined as habitat used by man-
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aged species of fishes through all life history stages (i.e.
those waters and substrates necessary to the fishes for
the purpose of spawning, breeding, feeding, or growth to
maturity), rather than habitat per se which sustained
fishes and other ecosystem components. Therefore,
managers were expected to identify habitat used by
each of the approximately 1000 managed species and to
determine how each habitat contributed to fishery pro-
duction. In addition, the effect of fishing on habitats was
to be assessed and measures were to be taken towards
mitigating adverse impacts (Kurland 2004). Habitat
areas of particular concern could be designated as
well (NMFS 2001). The effort to designate EFH has
vastly increased spatial and temporal understanding of
fishes and their environments, and this has the potential
to contribute greatly to EAM (Fluharty 2000).

Not surprisingly, the task of implementing EFH
proved to be a gravely underfunded mandate to accom-
plish in an wunrealistically compressed timeframe.
Despite immediate response by NMFES to develop regu-
latory guidelines, it took until 2002 to finalize them.
In the meantime, NMFS scientists and consultants
worked overtime to compile and assess available data,
develop regulatory amendments and push these
through the regional council process. Eventually, the
hastily developed plan amendments were judged to be
inadequate (Coleman & Travis 2000). This led to litiga-
tion and a negotiated settlement which specified new
timeframes and requirements (Kurland 2004). New
EFH protection designations in the 8 council regions
now provide building blocks for an EAM, although they
are only part of the foundations of EAM. Examples of
these building blocks are large areas closed to bottom
gear such as trawls, e.g. 95 % of the federal waters sur-
rounding the Aleutian Islands in Alaska (approximately
279000 square n miles). All major seamounts off Alaska
are closed to trawling as well (see www.fakr.noaa.gov/
habitat/efh.htm). Thus, EAM is furthered by actions to
protect EFH and aided by the synthesis of available
data on habitats and fishing impacts. The process of
developing these plans has identified significant data
gaps. This allows prioritization of research on habitats
and their relationships to fisheries, and on effects of
fishing on habitats (Kurland 2004).

Besides the development of EFH protection mea-
sures, federal fishery management is advancing the
use of marine protected areas (MPAs) on an increas-
ingly broad scale as a tool in fishery management
(NRC 2001). Recent designations of fishery manage-
ment MPAs include the Sitka Pinnacles Marine
Reserve and crab protection areas in Alaska (Witherell
unpubl.), extensive trawl closures along the Pacific
West Coast to protect rockfish stocks (Hastie 2005),
and multiple closed areas in New England for ground-
fish recovery (Murawski et al. 2000). While these

management measures tend to target single species
or species groups, they encompass a wider range of
ecosystem components and functions than those
explicitly targeted, and therefore they constitute an
EAM in the sense of applying what we know about the
ecosystem in managing fisheries.

Ecosystem Approach to Management (EAM). NMFS
made its first formal efforts to articulate EAM in the
late 1980s by forming a group of scientists charged
with developing a strategic plan. The plan was devel-
oped, but not implemented as the result of the change
from a government that was environmentally friendly
to one that was less supportive (Boehlert pers. comm.).
Still, the concept was being explored on many fronts;
Island Institute organized a high level conference at
Harvard University in 1992 under the title “The System
and the Sea’ (Platt 1993), and major journals devoted
special issues to ecosystems and fisheries (Mooney
1998). The National Research Council was charged
with reviewing fishery management and it advised
that an ecosystem approach was needed (NRC 1999).

Through the SFA, the U.S. Congress in 1996 man-
dated a review of the application of ecosystem princi-
ples in federal fisheries management and requested a
report on how to increase their application. Congress
charged NMFS to appoint a 20-member panel to carry
out this task. The panel comprised a diverse group
of academics, fishery managers, fishery scientists,
ecologists, economists, non-governmental environ-
mental organizations and industry representatives
from around the USA (full disclosure compels me to
inform readers that I had the privilege of serving as
chair of this panel). Over a year-long process of meet-
ings, hearing from fisheries experts, managers, fishing
and environmental interests, the panel derived a tem-
plate of ecosystem principles, management goals and
policies that were needed in EAM (EPAP 1999).

When the panel assessed the application of this EAM
template on federal fisheries, it concluded that examples
of EAM could be found in each of the regional fishery
management areas, but that the principles, goals and
policies were not applied systematically. We found that
the most consistent application emerged from ground-
fish managementin the Alaska region, which (1) places
caps on total removals, (2) sets conservative harvest quo-
tas, (3) develops a yearly report on ecosystem consider-
ations to be used in the context of management deci-
sions, (4) employs an Ecosystem Committee to organize
discussion and public forums to exploring EAM, (5) man-
ages bycatch and counts it against harvest quotas,
(6) uses marine protected areas, i.e. spatially explicit clo-
sures of gear types for fishery management, and (7) has
an extensive observer program (Witherell et al. 2000).

Based on this review our primary recommendation
was that regional management councils develop Fish-
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ery Ecosystem Plans (FEP) to consolidate information
about the ecosystem and ecosystem trends in a format
that would generally inform fishery management, and
would specifically be applied to actions under separate
fishery management plans (EPAP 1999). The first iter-
ation in the development of the FEP as a tool in U.S.
fishery management would be experimental and not
action-forcing. The FEP would be broader in scope and
longer term than the requisite National Environmental
Policy Act (NEPA) assessment for environmental im-
pact analysis. The FEP would (1) delineate the geo-
graphic extent of ecosystems; (2) develop a conceptual
model of the food web; (3) describe the habitat needs of
different components of the ‘significant food web’;
(4) calculate total removals and relate them to standing
biomass, production, optimum yield, natural mortality
and trophic structure to ensure that they are not ex-
cessive; (5) assess uncertainty and how buffers are
included in conservation and management actions;
(6) develop indices of ecosystem health as targets for
management; (7) describe long term monitoring and
how it is used; (8) identify the elements external to the
fishery management process that affect fisheries and
their ecosystems and to engage with other manage-
ment institutions to reduce adverse impacts.

The panel saw full implementation of the SFA mea-
sures as initial steps toward EAM. We felt that devel-
opment of EAM was more likely to be effective if it
were bottom up, incremental and adaptive, rather than
if it were top down, abrupt and rigid. We wanted a rec-
ommendation that could be implemented by NMFS
under existing rules, although we were sensitive to the
potential lack of incentive to change and funding for
development without a legislative mandate. Funda-
mentally, it was most important to demonstrate the
utility of EAM in fishery management and to gain
experience using it.

The panel's expectation was that NMFS would
encourage regional councils to prepare ‘pilot’ or
‘demonstration’ FEPs to gain experience that could be
used in developing future legislative proposals. The
recommendation was generally well-received by
Congress, fishery management councils and NMFS; it
was greeted warily by fishing interests, because they
doubted its utility, and it was seen as being too timid by
environmental interests, because they preferred a
weaker focus on fisheries. Within NMFS, 2 major fac-
tors worked against immediate implementation of the
panel recommendations: (1) NMFS could not absorb
this major initiative while it was over-worked with
implementation of the SFA; (2) NMFS was defending
itself in serious legal challenges to mandated tasks and
to its record of NEPA compliance.

Developing EAM aiter the panel report. The EAM
efforts in U.S. fisheries are part of the developing

global interest in fishery management reform (FAO
2003, Sinclair & Valdimarsson 2003, Gable 2004, Wal-
ters & Martell 2004, Hennessey & Sutinen 2005). The
International Council for Exploration of the Sea (ICES)
convened a major international meeting on ecosystem
effects of fishing (Hollingsworth 2000) and its Pacific
counterpart, the North Pacific Marine Science Organi-
zation developed an assessment of marine ecosystem
approaches (PICES 2004), and convened 2 study groups
to develop EAM (King 2005, Jamieson & Zhang 2005).

The first FEP initiative came through the National
Oceanic and Atmospheric Administration's (NOAA)
Chesapeake Bay office, which began developing an
FEP for Chesapeake Bay in 2000 (NOAA 2004) to pro-
vide a synthesis of ecosystem information as decision
support to the various fisheries and environmental
managers in the region. The original FEP concept was
designed for the 8 regional fishery management coun-
cils. The Chesapeake Bay FEP serves as a decision
support tool for a very complex system of state level
management, and FEP development provided valu-
able feedback on proof of concept.

At approximately the same time, NMFES convened a
panel under the auspices of the Marine Fisheries Advi-
sory Committee to further develop technical guidance
for implementing an EAM in fisheries; this led to the
preparation of a report to supplement the EPAP (1999)
report (Busch et al. 2003). Based on this advice, mem-
bers of Congress have since 2000 introduced bills
which include provisions similar to the EPAP (1999)
recommendations (see http://thomas.loc.gov). In addi-
tion, 2 recent national-level ocean commission reports
have endorsed EAM for U.S. fisheries (USCOPS 2004,
POC 2003) and the Ocean Action Plan of the U.S.
government states that it continues to work toward
EAM in decision-making (Office of the President
2004).

Following the endorsement of EAM by the 2 ocean
commissions, efforts began NOAA-wide to develop an
EAM that would apply across its broad spectrum of
marine regulatory, science and resource management
activities. In late summer 2004, NOAA convened a
workshop on delineation of regional ecosystems
(DeMaster & Sandifer 2004). The most recent state-
ment from NOAA about EAM developments extends
the discussion relative to EAM in fisheries (NMFS
2004b), but intensive work continues inside that
agency. Apparently, this has caused some concerns
from the Chairs of the regional fishery management
councils, who want to be involved more in the de-
velopment of EAM for NMFS and in congressional
activities on EAM (CCED 2005, Waugh 2005; see
http://managingfisheries.org).

Regional fishery management councils are making
very diverse and interesting efforts to advance EAM.
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In 2004, NMFS made funding available to the New
England, Mid Atlantic, South Atlantic and Gulf of
Mexico councils, for developing pilot projects on
ecosystem-based management (Managing Fisheries
2005). The South Atlantic Fisheries Management
Council is adopting its current Habitat Management
Plan towards a prototype FEP (see http://map.mapwise.
com/safmc). The Western Pacific council has devel-
oped a Coral Reef Fisheries Ecosystem Plan (WPFMC
2001) and is considering the development of archipel-
agic FEP as a means of downscaling its Pacific-wide
FMPs for greater relevance to the people and fisheries
in archipelagos. The NPFMC is considering the devel-
opment of an EAM for Alaskan ecosystems (Evans &
Wilson 2005) and of an area-specific management
approach to the Aleutian Islands that is similar to the
FEP (NPFMC 2005).

Synopsis. Over the last decade the discussion of
EAM in fisheries management has been moved from
the lunchrooms of scientists to the main stage of U.S.
fisheries management. It is being propelled by an
increasing awareness that insights from EAM can
improve management of fisheries and assist in identi-
fying and mitigating adverse effects of fishing. While
EAM is not limited to fisheries management, the fish-
eries context provides a basis for advancing from con-
cept to action. Fisheries management is accustomed to
decision-making at ecosystem scales and is now realiz-
ing that more discrete spatial and temporal manage-
ment is necessary. Presently, there is tension between
those experts who advance a central management
approach that focuses on top down and standardized
implementation of EAM, and those who endorse
regional approaches that are experimental and adap-
tive to diverse circumstances.
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Introduction. It should be no surprise that conser-
vation organizations are strong proponents of
ecosystem-based management of the oceans. At
their core, most conservation organizations are com-
mitted to protecting ocean ecosystems; their mission
statements often include specific references to
‘healthy’ ecosystems. Conservation groups want to
see oceans that include apex level predators, long-
lived rockfish, complex living benthic habitat, age-
structured fish populations, and the maintenance of
diverse marine communities. They want to see
exploitation at levels, and using methods, that will
not compromise these and other ecosystem func-
tions—anywhere in the ocean. For conservation
organizations, the promise of ecosystem approaches
is that their use will require those who manage
ocean users (in particular those who manage fishers)
to give greater value to the condition of non-fish
components of the ecosystem, in contrast to a single-
minded focus on ‘production’ (or other extractive
uses). These components include not only so-called
‘charismatic’ creatures such as sea turtles, whales
and dolphins, but also other members of marine
communities, including in particular invertebrates
and fishes other than those targeted by fishers. As a
result of this shift in perspective, conservationists
hope that the health of our ocean ecosystems—
widely considered to be severely compromised (POC
2003, USA Commission on Ocean Policy 2004)—will
begin to improve.

For an idea whose time has clearly come (and that
arguably arrived over a decade ago), ecosystem
based management remains remarkably controver-
sial and seemingly ill defined. It is common to hear
speakers at conferences say ‘of course we all agree
that we need ecosystem based management, but
we're still not sure what it means." The debate
includes disputes over what problems it is intended
to solve, what measures are appropriately considered
ecosystem based, and, indeed, whether it is needed
at all. For conservationists, ecosystem based manage-
ment encompasses all of the threats to ocean ecosys-
tems, including pollution and non-fisheries based
habitat destruction. A previous MEPS Theme Section
on the ecosystem approach (Browman & Stergiou
2004) focused on one component of ecosystem based
management—ecosystem approaches to fisheries
management (EAF).
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Conservationists think that healthy ecosystems can
only coexist with fisheries where managers have
solved the triple problems of overfishing, bycatch, and
habitat destruction. We conservationists think that the
EAF is essential to solving those problems. We also
think that the EAF is the only way to integrate our
understanding—and management—of the cumulative
impacts of our actions on the ocean. EAF also provides
the opportunity—indeed the necessity—to put pre-
cautionary management into practice.

Overfishing from an ecosystem perspective. As dis-
cussed in several of the previous MEPS Theme Section
contributions (Hilborn 2004, Mace 2004, Sissenwine &
Murawski 2004), single species fishery management
has been largely driven by the concept of maximum
sustainable yield (MSY). While many fisheries scien-
tists have argued that MSY should be a limit, and not a
target, there is no question that MSY has indeed been
the target for many of the world's fisheries. There is
also no question that MSY is a frequently overshot tar-
get, and this has resulted in what fisheries scientists
usually refer to as ‘overfishing.’ In fact, the dictionary
definition of ‘to overfish’ has nothing to do with MSY;
it is much more closely aligned with ecosystem con-
siderations— 'to fish (a body of water) to such a degree
as to upset the ecological balance or cause depletion of
living creatures.’ (American Heritage Dictionary of the
English Language 2000). Conservationists hope that
this definition of overfishing will become the standard
for fisheries managers.

For conservationists, the premise of fisheries man-
agement, that there is a ‘surplus’ of fish waiting to be
caught by humans, is flawed. We must always be
aware that any pollock we eat is not available, e.g. for
a Steller sea lion. Successful fisheries management
means not just sustainable catches of fish for humans.
Intact ecosystems must be maintained—not necessar-
ily pristine, but retaining their components and inter-
relationships, as well as adequate resistance and
resilience to disturbance. The implication that over-
fishing is the only (or the main) problem in the world's
oceans has the unfortunate consequence of relegating
other ecosystem impacts such as habitat destruction
to secondary importance and demonstrates precisely
the lack of ecosystem perspective that so concerns
conservationists.

Conservationists hope that the EAF will inject much
needed ecological and biological information into
management systems, which currently either lack or
discount it. As a consequence, the EAF should help
address several specific problems with MSY-based sin-
gle species management approaches as currently prac-
ticed. (1) It is becoming clear that the typical target of
reductions in biomass of 50 to 70 % below unfished lev-
els (tacitly or explicitly endorsed by many fisheries sci-

entists; e.g. Mace 2004, Sissenwine & Murawski 2004)
is dangerous for slow-growing, late-maturing, long-
lived species (such as many rockfish and sharks);
higher levels of abundance (and hence lower fishing
rates) are essential to maintain healthy populations.
(2) There is increasing evidence that it is dangerous to
presume that all mature female fish are of equal impor-
tance for the population; protecting the older, larger
females (Berkeley et al. 2004) may be essential for pop-
ulation viability, especially for long-lived, late-matur-
ing species. (3) Conservationists have significant con-
cerns about the ecosystem consequences of heavy
fishing on fast-growing, highly productive species,
where the populations can seemingly sustain very high
levels of fishing mortality; many of these species are
relatively low on the food chain, and by fishing heavily
on them, humans act as a superior competitor, poten-
tially devastating the food supply for other species. For
example, fishing levels may be too high on menhaden
in the eastern USA; menhaden are prey for striped
bass, a highly prized species for recreational anglers.

The management of the krill fishery by the Commis-
sion for the Conservation of Antarctic Marine Living
Resources (CCAMLR) was meant to address this last
problem, and is an excellent example of the EAF in
application. Butterworth (2000) describes the approach
(precautionary by design) as follows: 'If only krill were
to be taken into account, an appropriate target level for
this ratio [target biomass as % of unfished biomass,
M.F.H.] in terms of conventional fisheries management
might be 50 %. On the other hand, the best situation for
the predators would be no fishing at all, i.e. a ratio of
100%. The preliminary target adopted is halfway
between these 2 ‘'extremes’, i.e. 75%.’

One of the biggest challenges facing those who are
concerned about conventional use of MSY for either
mortality rate or biomass targets (or limits) is to identify
a generally acceptable alternative criterion. If biomass
levels of 40% of the unfished biomass are too low,
either for the species or for the ecosystem it is embed-
ded in, what is the correct level? How should optimal
yield (OY) be set, without being viewed as completely
arbitrary? Managers in the USA have proposed that
the fishing rate to achieve optimal yield should be 75 %
of the fishing rate to achieve MSY (Fmsy) for precau-
tionary purposes (Restrepo et al. 1998); on the other
hand, Roughgarden & Smith (1996) proposed main-
taining 75 % of unfished biomass, based only on single
species models. As noted above, the precautionary
level set for the krill fishery was also 75%. From the
perspective of conservationists, fishing to population
levels of 75% of the unfished biomass seems to be a
prudent limit, at least until the behavior of the fishery
(and consequences for target and other species) can be
monitored.
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Conservationists are greatly concerned that the
search for OY in an ecosystem context will result in
the development of ever more complex, ever more
data-hungry models that will purport to give the
‘right’ level of fishing for each species. Alternative
approaches that begin with a traditional single spe-
cies analysis and proceed to adjust fishing rates based
on criteria related to the state of the fish population
and its community, as was done e.g. for the krill fish-
ery, appear to provide pragmatic and transparent
approaches, (see Mangel & Levin 2005; also Froese
2004 for suggestions concerning fisheries for which
data are scarce).

I completely agree with one point frequently made
by fisheries scientists—if conservationists assume that
simply shifting from single species benchmarks to
ecosystem benchmarks will solve problems of overfish-
ing, we are likely to be disappointed. As Mace (2004)
pointed out, many, if not most, current overfishing
problems do not result from insufficiently conservative
stock assessments. Rather, they are the result of politi-
cal decisions that ignore scientific advice. As discussed
in Mace (2004), managers are often unwilling to
reduce catches to levels below Fmsy, because it would
result in short-term reductions in fishers' catches and
lead to political problems. How likely, then, are man-
agers to heed a call to reduce catch levels even further,
for the sake of some seemingly intangible long-term
benefit, or for the sake of some other ecosystem com-
ponents? It is clear, however, that fisheries manage-
ment needs to move to a perspective that explicitly rec-
ognizes that a species may be overfished from an
ecosystem perspective, even if it is not overfished by
conventional standards (Pikitch et al. 2004). Ulti-
mately, because any removal of fish affects the marine
ecosystem to some degree, it will be up to the public,
including fishers and conservation groups, to deter-
mine the level of 'acceptable’ fishing. Although this
level must be informed by science, it is not a purely sci-
entific decision, and may well vary from place to place
or country to country (e.g. in the developed versus the
developing world).

Bycatch. The EAF promises to focus much-needed
attention on bycatch—and even more importantly, it
also promises a change in perspective. Currently, fish-
ers and managers tend to view bycatch either as a
waste issue (how can we fish without catching those
undersized individuals we have to discard?) or a legal
issue (how can we fish without getting in trouble for
catching protected species?). As a consequence, by-
catch management generally ignores the entire range
of species that are not commercially or recreationally
targeted by any fishery and that are not yet legally pro-
tected or endangered. Under the current approach,
conservationists concerned about ecosystem health,

biodiversity, or particular species are frequently forced
to use relatively blunt instruments (e.g. in the USA:
Endangered Species Act and Marine Mammal Protec-
tion Act). However, for species being driven towards
extinction as a result of bycatch, such as the small-
toothed sawfish or white marlin, effective management
action may only be taken when protected status is
reached; the effort may be fruitless by then, as the pop-
ulation (and ecosystem) may not be able to recover.
Under a properly implemented EAF, the management
threshold would be reached earlier, potentially avert-
ing a crisis.

We do not need to wait for formal ecosystem plans
to improve bycatch management. An increase in ob-
server coverage (with observers who count every-
thing, not just target and protected species); hard
caps or quotas for key bycatch species, as well as for
targets; and incentives for shifting from dirty gear
with high bycatch to cleaner gear—all of these
should be implemented now in order to reduce
bycatch. The North Pacific Fishery Management
Council has systems in place, for example, where
fisheries are shut down when a bycatch quota is
reached. This provides a strong incentive for fishers
to avoid bycatch in the first place. However, the only
bycatch species that merit such management are
those that are valuable to other sectors of the fishing
industry. In the EAF, this approach would apply to all
species. Alternatives are needed to the potentially
hundreds of stock assessments required under such
an approach. More feasible methods could use indi-
cator species for different ecosystem components
that could be tracked using either fisheries or survey
data. Changes in the abundance of these species
could then be used to trigger appropriate manage-
ment action.

‘Habitat’' protection. Habitat protection may be the
biggest beneficiary of the EAF. Under most current
approaches, habitat protection is considered for the
purpose of conserving commercially or recreationally
valued species. Indeed, the very word ‘habitat’ is only
defined in reference to another organism: ‘The area or
environment where an organism or ecological com-
munity normally lives or occurs: a marine habitat.'
(American Heritage Dictionary of the English Lan-
guage 2000).

Conservationists want organisms that have been
considered only as ‘habitat’ components to be valued
in their own right and preserved for their own sake.
Along with most marine biologists, conservationists
think that all components of an ecosystem have
intrinsic value, even if there is no obvious or direct
link to species with cash value. Conservation groups
are unanimous in their concern about vulnerable,
fragile, and long-lived species such as deep sea



256 Mar Ecol Prog Ser 300: 241-296, 2005

corals and sponges, which are easily destroyed by
gear such as bottom trawls. EAF promises to imple-
ment more effective management of such 'habitats'—
for example, by preventing expansion of destructive
trawling into unfished areas, by closing areas identi-
fied as containing any vulnerable ecological com-
munities, and by incorporating invertebrates into
observer programs and bycatch management. EAF
means a shift from an approach that allows habitat to
be destroyed unless it is demonstrated to be valuable
for commercial species, to an approach that protects
species from fishing impacts unless it can be demon-
strated that the fishing impacts are not harmful. Such
a shift in perspective is essential, given the extraordi-
nary difficulty of understanding community dynamics
in marine ecosystems, and the destructive capacity of
modern fishing gear.

Cumulative impacts and precaution. Conservation-
ists hope that the EAF will help solve 2 of the more
intractable problems of current management:

(1) The EAF promises to require a more thorough
assessment of the cumulative effects of human activi-
ties on ecosystem components and processes. Under
an ecosystem approach, issues such as the cumulative
level of bycatch in a fishery would become more
explicit, since one key question for ecosystem based
management is the level of production of the entire
ecosystem that can sustainably be extracted. Simple
ecosystem models, combined with information on
landings and bycatch, can provide useful informa-
tion concerning the level of primary or secondary pro-
duction extracted, providing insight into limits on
captures. Similarly, if every fish is counted (in an
approximate sense), the sum of all impacts can finally
be addressed. Conservationists think that one of the
best ways to assess cumulative impacts is through
environmental impact assessments, as recommended
by Jennings (2004). In the USA, environmental impact
statements (EISs) are increasingly being used to sup-
plement traditional fisheries management approaches,
and they provide an opportunity to raise and address
many of the questions and concerns described above.
Some of the most important actions taken to protect
ecosystems, such as the recent decision to close over
60 000 km? of fishable habitat to bottom trawling in the
Aleutian Islands region, are the result of environmen-
tal impact assessments that thoroughly considered
alternatives to the status quo. Unfortunately, despite
the fact that conservationists consider EISs as an
essential part of fisheries management (or perhaps
because of that fact!), many managers view them, at
best, as a waste of time.

(2) Conservationists also hope that the EAF will
finally provide a tool for the implementation of pre-
caution in fisheries management, a concept already

incorporated in both international and national laws.
Conservationists are concerned, however, that fish-
eries advocates will seize on calls for EAF in order to
maintain the status quo, delaying action until complex
ecosystem models can be fed with new data. Unfortu-
nately, we lack a detailed understanding of commu-
nity dynamics and ecosystem function for many ocean
ecosystems, and given the extremely high cost and
inherent difficulties of ocean research, lack of infor-
mation is likely to be a problem for the foreseeable
future. Such ignorance must not be allowed to pre-
clude management actions. It makes no sense, in my
view, for scientists to reach a consensus that fishing
effort needs to be reduced substantially, but for man-
agers to fail to reduce it at all, because there is no
consensus on the precise amount of reduction. Cau-
tion can be implemented in a number of ways (see
Mangel & Levin 2005 for a conceptual framework).
Conservationists' overarching hope is that manage-
ment will be increasingly based upon indicators of
ecosystem health, and not simply on assessment of
individual species. The 2004 Symposium on Quantita-
tive Ecosystem Indicators for Fisheries Management
(see www.ecosystemindicators.org/) is evidence that
such an approach may be gaining favor among scien-
tists and managers.

Conclusions. Conservationists have embraced the
EAF because we hope it will deal with many issues
that have been inadequately addressed to date by
conventional management. One of our concerns is
that implementing the EAF will provide an excuse to
continue the status quo indefinitely while processes
and procedures are being debated. At least in the
USA, the legal framework already exists for fisheries
managers to implement many, if not all, of the ele-
ments of an EAF, should they choose to do so. The
fact that intensive debate about the EAF continues, as
well as resistance to implementing it, is an indication
not of the scientific difficulties with the concept, but
rather of political difficulties. Scientific uncertainty
will always allow managers a margin of judgment in
decision-making; conservationists hope that, in the
face of uncertainty, the EAF will result in the benefit
of the doubt going to ocean protection; fishers hope
the benefit of the doubt will go to them. Conservation-
ists think that protecting ocean ecosystems—using
the EAF—will result in fishers who fish less, and who
fish less destructively when they do. It is not surpris-
ing that fishers and their political allies oppose the
EAF. Nevertheless, if the EAF is not implemented,
either explicitly or by incorporating it into existing
management schemes, there is little reason to expect
the health of our oceans to improve. That is the
challenge for all of us—to fish as if the ecosystem
depended on it. Because it does.
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Introduction. The North Pacific Marine Science
Organization (PICES) is an international intergovern-
mental organization whose primary purpose is to
promote and coordinate marine research in the North
Pacific. Established in 1992, it is relatively new com-
pared with other marine science organizations such
as ICES, which has existed for over a century. How-
ever, the roles of these organizations in advancing
and communicating scientific knowledge of marine
ecosystems are similar. Despite its relative youth as
an organization, PICES has begun to produce inte-
grated scientific advice and products that reflect the
emerging focus on ecosystem approaches to manage-
ment and that serve the broader needs of its mem-
ber countries outside of the scientific community.
These scientific products highlight critical issues
for ocean managers, such as sources and causes of
harmful algal blooms, factors influencing production
of marine fish stocks, and population dynamics of
marine mammals and seabirds. Advice is given to
PICES member countries regarding human and cli-
mate influences on North Pacific ecosystems. This
advice will allow member countries to improve pro-
tection and responsible management of ocean re-
sources, in accordance with accepted international
standards. The organization is thus integrating
national scientific efforts and shaping international
views of ecosystem-based management approaches
in the North Pacific.

Evolution of PICES. Organization: Descriptions of
the history and scientific structure of PICES can be
found at www.pices.int. The members comprise most
of the countries on the rim of the North Pacific:
Canada, People's Republic of China, Japan, Re-
public of Korea, Russian Federation, and USA. The
organization has defined geographic regions for
reporting scientific activities, which are at the large
marine ecosystem (LME) scale of Sherman (1995).
This scale is becoming recognized in the USA and
elsewhere as a starting point for management of
marine regions.

The terms of reference for the organization mainly
deal with advancing scientific knowledge, exchanging
scientific information and coordinating marine research.
These activities occupied the marine research commu-
nity of PICES in its first decade of operation, when the
organization increased the involvement of a broad
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spectrum of marine science disciplines, as well as
collaboration across scientific disciplines. This is an
important stepping-stone towards providing scien-
tific advice that addresses an ecosystem approach to
management.

Initial scientific products: It became evident over
time that, although the PICES scientific network was
growing in influence among the scientific community,
it did not have a strong mandate for providing scien-
tific advice to its member countries. This was due
partly to the mainly scientific terms of reference of
PICES, and to the lack of a heavily used marine region
shared by many countries (as opposed, e.g. to the
North Sea in Europe). This is in contrast to ICES, which
is the main source of scientific advice to governments
and international regulatory bodies that manage activ-
ities, particularly fisheries and environmental protec-
tion, in the North Atlantic Ocean. The scientific prod-
ucts that PICES was producing were scientific reports
and special volumes of peer-reviewed journals in
which the primary target audience was the scientific
community.

At the same time, some of the PICES member
countries appeared to be disengaging from the con-
vention. Although the reasons were never explicitly
communicated, countries were having difficulty
meeting the relatively small financial obligations
required to keep the organization going. Scientific
participation of some countries was waning and the
discussions among member countries regarding bud-
get and annual dues payments were becoming more
difficult. It seemed likely that some member coun-
tries did not view their financial contribution to
PICES as providing a net benefit to the country.

Therefore, PICES needed to move beyond its focus
on communication among the scientific community
and find a new role that would elevate the useful-
ness of the organization to its member countries.
Provision of scientific products that would be of use
to member countries seemed to be the logical next
step.

It was during this time that ecosystem approaches
to management (EAM) of marine resources was
emerging as the new paradigm to advance manage-
ment of marine areas, particularly with regard to
fisheries management (e.g. Grumbine 1993, Larkin
1996, Christensen et al. 1996, Haeuber & Franklin
1996, Mooney 1998, Browman & Stergiou 2004),
and scientists began to discuss what types of scien-
tific advice would be needed to implement these
approaches. Ecosystem status reports were becom-
ing a common form of providing such advice.
Development of sensitive ecosystem indicators of
changes in ecosystem status to include in such
reports was a high priority activity (Hollingworth

2000). It was during this period that PICES devel-
oped a concept for a North Pacific Ecosystem Status
Report as a way to provide useful information to
member countries on the status of ecosystems in the
North Pacific.

Recent activities of PICES. Scientific advice: The
North Pacific Ecosystem Status Report was first pro-
posed to the PICES Science Board, which consists of
the chairpersons of the various scientific committees
and programs. The Science Board presented the idea
to the respective members of the scientific committees
for approval. Scientific committees, which consist of
national representatives of the scientific discipline of
the particular committee, discussed and approved the
proposal. Next, the Governing Council of PICES,
which consists of high level representatives of the
academic community and governmental agencies of
each member country, also discussed and approved
the concept.

The approved proposal contained an outline to pro-
vide the following information on North Pacific LMEs:
(1) status and trends in large scale atmospheric forcing
in the North Pacific; (2) status of lower trophic level
variables such as nutrients, phytoplankton and zoo-
plankton; (3) condition of living marine resources such
as fish and crustaceans, and of top-level predators such
as seabirds and marine mammals; (4) factors involving
human populations, contaminants and habitat modifi-
cations that might be placing stresses on the marine
ecosystem.

Several alternatives were proposed for the proce-
dures by which the scientific community of PICES
should produce regional status reports. Reports
were already being produced for some regions,
such as Alaska in the USA and British Columbia in
Canada, but in other regions, particularly the
shared seas of the western North Pacific rim, scien-
tists had not yet begun sharing the necessary infor-
mation.

A PICES working group was formed to produce the
North Pacific Ecosystem Status Report. The group
had representatives of the scientific committees and
programs and the PICES Secretariat. International
commissions such as the International Pacific Hali-
but Commission (IPHC), North Pacific Anadromous
Fish Commission (NPAFC), and the Inter-American
Tropical Tuna Commission (IATTC) were also invited
to provide contributions to the status report. Because
the western Pacific countries had not yet begun to
produce regional ecosystem status reports, 3 PICES
workshops were organized around the theme of pro-
viding ecosystem information for the PICES report. In
2002 and 2003, workshops were held in Seoul (twice)
and Vladivostok to describe the status and trends in
the marginal seas of the western Pacific. These efforts
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brought the scientific community on the western side
of the Pacific Ocean together to agree on pressing
management and science issues in the North Pacific,
and they were an important first step in moving these
countries towards an understanding of ecosystem-
based management.

When the scientists gathered to synthesize the find-
ings of the status report, there was no disagreement
with regard to the science issues and conclusions.
However, controversy emerged over the naming con-
ventions (in English) of a regional sea shared by
Japan and Korea. The English name that had been
adopted by PICES over the years acknowledged the
traditional naming of both member countries of this
sea: Japan/East Sea. But this practice was challenged
by one of the countries when the draft status report
was prepared, which used this naming convention.
This issue nearly derailed the publication of the report
and threatened the continuing participation of some
countries in PICES. It seemed for a while that the
North Pacific ecosystem status report, conceived to
bring the scientific experts of the member countries
together to provide important advice to the respective
countries, would actually accomplish the opposite.
The report (PICES 2004) was published after a 3 yr
gestation, following lengthy discussions of the naming
convention among the national delegates to PICES
and with the Intergovernmental Oceanographic
Commission (I0C).

Since the production of the status report, the Gov-
ernment of the USA made a request to PICES to
provide scientific advice with regard to the implica-
tions of the 1998 regime shift for North Pacific fish-
eries. Regime shifts, which are abrupt shifts in
ecosystem composition and regional climate that
persist for several years or decades, have the poten-
tial to change the viability of fishing communities
that rely on the production of these ecosystems for
their livelihood. The PICES scientific community had
already held several symposia (e.g. McKinnell et al.
2001) and had a large interest in ocean regime
shifts, and this request was a logical way to bring
that expertise to bear on a question that had impor-
tant economic consequences for the USA. PICES
responded to this request by gathering its experts
and publishing an advisory report on implications of
regime shifts for management of marine resources
(PICES 2005).

Future scientific products: Thus, PICES is now mov-
ing beyond its initial focus on activities and products of
interest primarily to scientists, to include activities
focused on applying that scientific knowledge to
address societal needs, such as prediction of regime
shifts for marine fisheries managers, understanding
causes of harmful algal blooms, or documenting the

amounts and sources of pollutants through marine
webs. This information will assist member countries in
the wise use of the North Pacific Ocean. The newly
developed PICES Strategic Plan explicitly recognizes
this important activity, which serves to integrate
national marine ecosystem scientists from govern-
mental organizations and universities and efforts of
national and international programs such as GLOBEC
into a deeper understanding of our oceans and the
factors influencing them.

PICES recently formed an ecosystem-based man-
agement working group. Its mandate is to describe
and implement a standard reporting format for
ecosystem-based management initiatives in each
PICES member country, including a listing of the
ecosystem-based management objectives of each
country. This will improve the scientific advice con-
tained in future North Pacific ecosystem status reports
and help PICES scientists to understand and advise
governments on factors influencing change in the
earth’s oceans.
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The ecosystem approach. The ecosystem approach
is a management principle which builds on the
recognition that nature is an integrated entity and
that we must take a holistic approach to nature man-
agement. The science to support ecosystem approach
to management must also be integrated and holistic.
A core element of this science is ecology, with a
focus upon the properties and dynamics of ecosys-
tems (Fenchel 1987). Many scientists and managers
have recognised the need for an ecosystem approach
for a long time (Likens 1992), although it is only dur-
ing the last 10 to 15 yr that a broader awareness of
this has developed.

The increased awareness and formalisation of the
ecosystem approach have emerged as a result of inter-
national environmental agreements within the frame-
work of the United Nations, and a fundamental
description of the basis of an 'ecosystem approach’ was
first formalised in the Stockholm Declaration in 1972
(Turrell 2004). The most authoritative account of the
ecosystem approach is probably in Decision V/6 from
the meeting of the Conference of the Parties to the UN
Convention on Biological Diversity in Nairobi, Kenya,
in 2000. This decision has an annex with a description,
principles and operational guidance for application
of the ecosystem approach (www.biodiv.org/deci-
sions/?m=cop-05).

The Large Marine Ecosystem (LME) concept has
been the basis for a practical development of the
ecosystem approach to the management of marine
resources and environment (Sherman 1995, Duda &
Sherman 2002). Currently, 64 LMEs have been identi-
fied, dividing mainly the shelf regions of the globe
into management units. Scientific and management
issues concerning these LMEs have been the subject
of a large number of symposia and books (see
www.edc.uri.edu/lme).

In many fisheries science institutions, advisory com-
munities and management bodies, practical imple-
mentation of the ecosystem approach has been a
central issue for the last years. There is no unified
understanding or protocol on how to deliver scientific
advice for management of fish stocks under the broad
scope of the ecosystem implications of fishing, as com-
pared to the traditionally narrow consideration of the

population dynamics of single fish stocks. The FAO
Expert Consultation on Ecosystem-based Fisheries
Management in Reykjavik in 2001 (FAO 2003, Garcia
et al. 2003) produced an overall, pragmatic solution for
implementing the ecosystem approach to fisheries
(EAF) by merging ecosystem management and fish-
eries management. The EAF principles are yet to be
implemented by most of the fisheries scientific and
advisory bodies around the world.

The ecosystem approach has been a central issue in
political processes such as the Fifth International Con-
ference on the Protection of the North Sea held in
Bergen in 2002 (NSC 2002), and the development of
a governmental white paper on integrated marine
management in Norway in 2002 (Anonymous 2002).
Similarly, the ecosystem approach was a basis for the
development of the strategic plan of the International
Council for the Exploration of the Sea (ICES 2002),
and in the reorganisation of the Institute of Marine
Research (IMR), Norway (Anonymous 2001, Misund et
al. 2005). We reflect here on our experiences from the
political processes for the North Sea and in Norway on
developing the ecosystem approach to management.
We go on to give our views on the development of the
ecosystem approach within 2 scientific organizations
that must deliver scientific advice according to the
ecosystem approach, ICES and our home institute
(IMR) in Norway.

Development of the ecosystem approach for the
North Sea. The first International Conference on the
Protection of the North Sea was held in Bremen in
Germany in 1987, followed by the 2nd and 3rd Con-
ferences in London in 1988 and The Hague in 1990.
The Ministers at the 3rd Conference in The Hague
requested that OSPAR (the Convention for the Protec-
tion of the Marine Environment of the North-East
Atlantic) and ICES should establish a North Sea Task
Force (NSTF), for producing a Quality Status Report
(QSR) for the North Sea. This QSR was completed in
1993 (NSTF 1993) and identified fisheries as having
major impacts on the North Sea ecosystem. At the 4th
Conference in Esbjerg in 1995, these fisheries impacts
were discussed by the Ministers responsible for the
environment.

As host for the 5th Conference, Norway arranged an
Intermediate Ministerial Meeting on the Integration
of Fisheries and Environmental Issues in Bergen in
March 1997. In their Statement of Conclusions (IMM
1997), the Ministers responsible for fisheries and the
environment in the countries bordering on the North
Sea agreed that an ecosystem approach should be
developed and implemented as a guiding principle for
the further integration of fisheries and environmental
management measures. This was followed by a work-
shop in Oslo in 1998 where a framework for an eco-
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system approach was drawn up (Anonymous 1998).
This framework was adopted with slight modifications
by the Ministers at the 5th Conference in Bergen 2002
(NSC 2002).

The framework for an ecosystem approach to man-
agement consists basically of 5 major elements or
modules in a management cycle (Fig. 1). Objectives
should relate to the state of the ecosystem. Monitor-
ing and research should be performed to provide
updated information about status and trends (moni-
toring) and insight into mechanisms and causal re-
lationships (research). Assessments should use in-
formation from monitoring and research to evaluate
whether objectives are being met or whether pro-
gress is being made towards meeting them. Scientific
advice should be formulated clearly to translate the
natural complexity into a clear and transparent basis
for decisions. Finally, management should respond to
the advice and to the needs for actions to meet the
agreed objectives.

The Ministers at the 3rd Conference in The Hague
had requested that methodology for setting ecological
objectives should be developed. This work was initi-
ated by the NSTF and continued by OSPAR after 1993.
Workshops were held at Bristol in 1992, Geilo in 1993,
and Ulvik in 1995 to consider terminology, feasibility
and selection criteria for formulating Ecological Qual-
ity Objectives (EcoQOs). This resulted in a general
methodology or approach for setting EcoQOs (Skjoldal
1999). In 1997 OSPAR agreed to apply this methodol-
ogy to the North Sea as a test case. This work was sub-
sequently linked to development of the ecosystem
approach, filling the need for ecological objectives in
the latter. Based on the outcome of 2 workshops held
at Scheveningen in 1999 and Schiphol in 2001, and

Ecosystem
objectives

Adaptive
management

Monitoring
Research

Integrated
assessment

Fig. 1. Framework for the ecosystem approach to ocean man-

agement with main components or modules shown in an iter-

ative management decision cycle. This is a simplified version

of the framework in the Bergen Declaration (NSC 2002).

Stakeholders should be included in the process, to promote
openness and transparency

considerable input from ICES (Advisory Committee on
Ecosystems, ACE Reports for 2001, 2002, 2003; avail-
able at www.ices.dk/products/cooperative.asp), a set
of 10 EcoQOs were agreed by the Ministers at the
5th North Sea Conference (NSC 2002, Annex 3).

The ICES Study Group on Ecosystem Monitoring
and Assessment proposed the following definition
of the ecosystem approach (ICES 2000): ‘'Integrated
management of human activities based on knowledge
of ecosystem dynamics to achieve sustainable use of
ecosystem goods and services, and maintenance of
ecosystem integrity.’ This formed the basis for the tech-
nical definition of ecosystem approach used in a state-
ment from the First Joint Ministerial Meeting of the
Helsinki and OSPAR Commissions (JMM) in Bremen
in June 2003 (www.ospar.org), and in the work on
developing the thematic Marine Strategy within
the EU (http://europa.eu.int/comm/environment/water/
consult_marine.htm):

The comprehensive int